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Background
The study of natural products produced by fungi is not new to the scientific
community. Fungi are the producers of many novel antimicrobial compounds
used in human therapeutics. As new fungal species and their secondary
metabolites are discovered, it is increasingly important that fungi are identified
correctly. One portion of fungal DNA that can be used to identify fungal samples
is the Internal Transcribed Spacer (ITS) region1 (Figure 1). In fungi, this region
can be used like a fingerprint to identify each unique sample tested by
comparing it to collection databases.
Figure 1. ITS region used for identification
Goals
⁄ Identify fungal samples collected from Wind Cave.
⁄ Identify and isolate purified antimicrobial compounds produced by fungal 
samples collected from Wind Cave.
Isolation and Extraction
Water samples taken in May 2021 from Calcite Lake in Wind Cave were plated
on YPD and PDA plates and grown at room temperature in both light and dark
conditions. After they had grown, the fungal samples were then isolated onto
separate plates so that each unique fungus and its secondary metabolites could
be individually studied (Figure 2).
Cultures of the isolated samples were grown using brown rice and left to grow
for 3-4 weeks before they were prepared for extraction.
To begin the extraction, a 1:1 mixture of CHCl3 and MeOH was added to the
culture. Cultures were then broken up with a spatula and put on the shaker
overnight. The sample was extracted the next day using an altered version of






After biological testing was performed, active samples were analyzed by Liquid
Chromatography-Mass Spectroscopy (LC-MS), proton Nuclear Magnetic
Resonance (NMR), and carbon NMR to determine the structure of the
compounds present in each sample. C18 chromatography was used to isolate
compounds that demonstrated antimicrobial activity.
After gel imaging, contaminants were removed from the DNA using the
GeneJET PCR Purification Kit (Thermo Fisher Waltham, Massachusetts) and
then sent to Iowa State University DNA Biotech Facility (Ames, Iowa) for
sequencing. Identification of the fungi was performed by comparing the
reported sequence to various ITS databases3. After successfully identifying the
genera of all unique samples taken from Calcite Lake, a phylogenetic tree was
constructed to compare the evolutionary relationships of the fungi (Figure 6).
Research was performed on each genus to determine if any fungi produced
any notable secondary metabolites.
Conclusions
Fungal samples from 8 unique genera were classified. The biological assay
identified 10 potential antimicrobial compounds that were further analyzed and
purified. We have been unable to isolate large enough quantities of each
compound for complete structural analysis.
Future Work:
⁄ Continue extracting secondary metabolites from Wind Cave fungi to be 
tested for antimicrobial activity.
⁄ Further isolate compounds that demonstrate antimicrobial activity.
⁄ Initiate further DNA analysis to determine species of fungal samples.
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Figure 3. Modified Kupchan extraction
Figure 2. Isolated fungal samples
Figure 4. Biological assay results
Conclusions
Figure 8. LC-MS spectra
One sample from a Wind Cave fungus
showed strong antimicrobial activity
against C. albicans (Figure 4). C18
chromatography was used to purify the
compound of interest (Figure 7). The
spectra collected from another
secondary metabolite from a separate
fungus initially demonstrated
antimicrobial activity against B. sublitis.
Upon further analysis, the compound
proved to have no activity. However, the
LC-MS spectra (Figure 8) exhibited
peaks consistent with compounds that
have bromine, a halogen, in their
chemical formula. Halogenated
compounds are typically produced by
marine organisms, not terrestrial
organisms such as the fungi in Wind
Cave. For both candidates, more of the
isolated compound is required in order
to perform structural analysis.
Figure 7. Chromatogram from C18 Chromatography
Figure 5. Gel image after PCR
Fractions collected during the extraction
process were tested against B. sublitis, C.
albicans, S. aureus, and E. coli in a growth
inhibition biological assay. To perform the
assay, approximately 1.5 mg of sample was
diluted to 0.2 mg/μL using DMSO. After
dilution, 4uL of each sample were placed
on filter paper discs. They were then
transferred to plates containing bacteria,
positive controls, and negative controls.
Plates were incubated overnight, and any
growth inhibition was recorded.
DNA was extracted from each of the
isolated fungal plates using the E.Z.N.A.
Fungal DNA Mini Kit (Omega Norcross,
Georgia). After successful DNA extraction,
Polymerase Chain Reaction (PCR) was
performed to amplify the ITS region of the
fungal DNA using the ITS5 and LR3 primers.
The product was then run on a 2% agarose
gel to ensure that the DNA had been
successfully amplified. Successful DNA
extractions and PCR produced dark bands
in the 1,000-1,5000 base pair region
(Figure 5).
the Kupchan scheme2 (Figure 3). The
purpose of the extraction was to remove
the nonpolar lipids from the other fractions
where active compounds have been
identified. Nonpolar lipids typically do not
show antimicrobial growth.
Figure 6. Phylogenetic tree
Absidia                   Calcite Lake                   
Cladosporium              Calcite Lake                   
Chaetomium                Calcite Lake                   
Trichoderma               Calcite Lake                   
Trichoderma               Calcite Lake              2    
Pseudogymnoascus          Calcite Lake                   
Pseudogymnoascus          Calcite Lake              2    
Talaromyces               Calcite Lake                   
Penicillium               Calcite Lake              6    
Penicillium               Calcite Lake              5    
Penicillium               Calcite Lake                   
Penicillium               Calcite Lake              3    
Penicillium               Calcite Lake              4    
Penicillium               Calcite Lake              7    
Penicillium               Calcite Lake              2    
Penicillium               Calcite Lake              8    
Aspergillus               Calcite Lake                   
Aspergillus               Calcite Lake              2    
